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Abstract 

Background: Granulosa tumors were described for tlie first time in 1855 by Rokitansky. Tliese tumors are 
malignancies with a relatively favorable prognosis. They are characterized by a prolonged natural history and a 
tendency to late recurrences. The aim of this study is to investigate the epidemiological and pathological 
characteristics of granulosa cell tumors and to investigate the prognosis factor for recurrences. 

Methods: The clinical data of patients who were treated in the period from January 2003 to December 2010 at the 
National Institute of Oncology in Rabat, Morocco for adult granulosa cell tumors of the ovary were investigated 
retrospectively. Data for age, clinical manifestation, imaging, diagnosis and treatment of the patients were reviewed 
and analyzed. Post-operative histology was obtained for all patients. 

Results: Twenty-seven cases were retrieved. The median patient age was 53 years. The most common clinical 
manifestations at diagnosis were abdominal pain and vaginal bleeding. Mean tumor size was 14 cm. 
The majority of patients had stage I (63%, n = 17), while (18,5%, n = 5) had stage III, (7.4%, n = 2) had stage IV, 
and (1 1%, n = 3) of patients had an unknown stage. 

In the follow-up period (median = 63.44 months), five (18.51%) patients relapsed. The median time to relapse was 
41.8 months, (range: 18 to 62 months). 

Conclusions: Granulosa cell tumor of the ovary is an uncommon neoplasm. The adult form progresses slowly and 
often is diagnosed in an early stage of disease. Surgery is indicated. A prolonged post-therapeutic follow-up is 
necessary because of the risk of recurrences, late and exceptional for the adult form. 
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Background 

Granulosa cell tumors are very rare ovarian malignan- 
cies; they represent 2 to 3% of all ovarian cancers and 
mainly occur within the adult population [1]. They arise 
from sex cord tumors and stroma. In comparison to epi- 
thelial ovarian cancers, they are characterized by a good 
prognosis [2]. There are two histological forms: an adult 
form (95%) [3] and a juvenile form (5%), which is char- 
acterized by occurrence at an early age, with more pro- 
nounced signs of malignancy and an increased risk of 
recurrence [3,4]. 

These tumors have a particular clinical, histological 
and evolutive profile, and may reoccur up to 40 years 
after diagnosis [5]. 
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Complete surgical resection is the mainstay of treatment, 
particularly in the case of early stage patients. Surgery has 
to be combined with platinum-based chemotherapy for ad- 
vanced stages [6]. 

The aim of this study is to report the epidemiologic, 
anatomo-clinical characteristics and to determine the 
prognostic factors of survival. 

Methods 

Clinical data 

This is a retrospective study of patient data originally 
collected between January 2003 and December 2010. A 
total of 27 patients were diagnosed with granulosa cell 
tumors during that time period by the Department of 
Clinical Oncology, in the National Institute of Oncology 
based in Rabat, Morocco. 

The recorded information includes, age, parity, meno- 
pausal status, symptoms, diameters of tumors, stage of 
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disease, type of surgery, adjuvant treatment, survival in 
months, recurrence and mortality. 

Follow-up 

Patients were followed up until November 2012. 
Statistical analyses 

The statistical analyses were done using SPSS 10.0 
software. Department of statistics. National Institute of 
Oncology, Rabat, Morocco. 
In this analysis, clinical data is expressed in percentages. 

Consent and statement of ethical approval 

As the treatment of each patient was decided by the 
medical staff of the centre, oral consent was obtained 
from the subjects and was approved by the institutional 
review boards of the National Institute of Oncology, 
Cancer Centre in Rabat. This study was approved by the 
institutional review boards of National Institute of 
Oncology, in Rabat. 

Results 

Clinical features 

During the period from January 2003 through December 
2010, 27 patients underwent surgery for the adult form 
of granulosa cell tumors. The mean age of the patients 
was 53 years. 

For 70% of the patients, the tumor occurred between 
the fifth and seventh decades. The mean parity was 3.14, 
and 41% of the patients (n = 11) were menopausal. 

A total of 59% of the patients (n = 16) presented abdom- 
inal pain at diagnosis and also presented with vaginal 
bleeding as follows: intermenstrual bleeding (37%, n = 10), 
postmenopausal bleeding (19%, n = 5). 

Other symptoms included abdominal distension (44% 
n = 12) and amenorrhea (11%, n = 3). 

The average tumor size was 14 cm (range: 7 to 30 cm). 

A summary of patient characteristics is presented below 
in Table 1. 

Treatment 

Twenty- two patients (81%) underwent hysterectomy with 
bilateral salpingo-oophorectomy with optimal resection 
(RO), omentectomy, +/- lymphadenectomy and multiple 
biopsy. Three patients (11%) had unilateral oophorectomy, 
and two patients (7.4%) had debulking surgery. 

Thirteen patients had endometrial biopsies. The re- 
sults were as follows: four were negative, six were 
hyperplasic, and three were atrophic. 

Eight patients received adjuvant treatment (four: bleo- 
mycin etoposide, cisplatin (BEP); one: bleomycin vepeside 
cisplatin (BVP); one: endoxan cisplatin; one: paclitaxel cis- 
platin; one: tamoxifene), and two patients received chemo- 
therapy for metastatic disease (one: BVP; one: BEP). 



Table 1 Characteristics of the patients 



Characteristics (n = 27) 


Number of patients (%) 


Age, median (years) 


53 


5^ Third decade of life 


1 (4%) 


5^ Fourtli decade of life 


3 (11%) 


5^ Fifth decade of life 


8 (30%) 


5^ Sixth decade of life 


5 (18%) 


Seventh decade of life 


6 (22%) 


5^ Eighth decade of life 


4 (15%) 


Symptoms at diagnosis 




5^ Abdominal pain 


16 (59%) 


5^ Abdominal distention 


12 (44%) 


5^ Postmenopausal bleeding 


5 (19%) 


5^ Intermenstrual bleeding 


10 (37%) 


5^ Amenorrhea 


3 (11%) 


Tumor size (mean size: 14 cm) 




5^ <10 cm 


8 (30%) 


^ >10 cm 


19 (70%) 


Stage 




5^ 1: 


1 7 (63%) 


la 


12 (44%) 


Ic 


5 (19%) 


^ III 


5 (18.5%) 


Ilia 


1 (4%) 


lllc 


4 (15%) 


5^ IV 


2 (7.5%) 


5^ Unknown 


3 (11%) 



Staging 

The staging breakdown was as follows: stage I (63%, 
n = 17), stage III (18.5%, n = 5), and stage IV (7.5%, n = 2). 

For the remaining 11% of patients (n = 3), the stage 
was unknown. 



Survival 

During the follow-up (median: 63.44 months), five pa- 
tients (18.5%) relapsed, and four of those patients died 
of the disease (Figure 1). 

Patient characteristics for those patients with recurrent 
disease are shown below in Table 2. 

The median time to relapse was 41.8 months, (range: 
18 to 62 months). 

The overall 5 -year survival and 9-year survival rates 
for all stages were 91.3% and 77.3%, respectively 
(Figure 2). 

Following univariate Cox regression modeling, survival 
appears to be dependent on the stage, as it is much bet- 
ter in localized stages {P = 0.05) (Figure 3). 

Other parameters considered in this study did not sig- 
nificant influence survival. 
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Complete 




4 


surgery 
(n=22) 


4 




Debulking 
surgery 
(n=2) 



Conservative 



surgery i 
(n=3) § 




Hormonotherapy 
^ (n=l) 






Recurrence 


1 





(n=14) 



Died of disease Died of disease 
(n=2) (n=l) 



Chemotherapy 
(n=2) ^ 



Observation 
V (n=3) J 



Recurrence Lost of follow up 




Died 



of disease 
(n=l) J 



Figure 1 Management and outcomes of patients. 



Discussion 

Granulosa cell tumors are very rare. They were de- 
scribed for the first time in 1855 by Rokitansky [7], who 
described them according to their appearance near the 
granulosa cells of ovarian follicles. They occur in the 
peri- and postmenopausal period with peak prevalence 
in patients aged 50 to 55 years. The other peak fre- 
quency corresponds to the prepubertal age [8,9] . 

The symptoms are various: abdominal pain (30 to 50%), 
abdominal distension related to mass effect and hormonal 
events (41%) such as irregular menstruation, intermenstrual 
bleeding, postmenopausal bleeding or amenorrhea [10]. 

However, for those cases in which the patient is 
asymptomatic, the clinical exam is very important [11]. 

Endocrine manifestations are noted in 66% of the pa- 
tients. These manifestations are related to estrogen se- 
cretion of the tumor [12]. 

This explains why the granulosa cell tumors are fre- 
quently associated with endometrial hyperplasia (4 to 10%) 
or to endometrial adenocarcinoma (5 to 35%) [4,9,10]. 



Therefore, endometrial and cervical biopsies are essen- 
tial to define the therapeutic strategy. 

The juvenile form can be characterized by the pres- 
ence of pseudopuberty (50% depending on the series) 
[13,14], and galactorrhea may complete the clinical pres- 
entation. The mechanism is not clearly established [9] . 

Radiologicaly speaking, the granulosa cell tumor presents 
as a solid component with multicystic appearance, with a 
median diameter of 12 cm (range: 1 to 30 cm) [15,16]. 

The imaging appearances of the two forms of granulosa 
cells tumors are similar. 

The same clinical and radiological data were noted in 
the patients from our study. 

The diagnosis is confirmed by histological analyses. The 
adult form includes five subtypes, among which the most 
common subtype - microfollicular - is characterized by 
Call-Exner bodies and cores "coffee bean" [17,18]. 

In the juvenile form, the architecture is often lobu- 
lated, Call-Exner bodies are rare, and the signs of luteini- 
zation are frequent [7]. 



Table 2 Characteristics of patients with recurrent disease 



Case 


Age (years) 


Stage 


Size of tumor (cm) 


Primary treatment 


Time to relapse (months) 


Site of relapse 


Treatment for relapse 


1 


73 


lllc 


20 


Deb Sur + CMT 


18 


Pelvic 




2 


64 


Ilia 


20 


Com Sur + CMT 


55 


Perit 


Surgery 


3 


47 


IV 


15 


Com Sur + CMT 


62 


Lung 


CMT 


4 


76 


la 


10 


Com Sur + Horm 


38 


Perit 




5 


41 


lllc 


11 


Com Sur + CMT 


36 


Perit 





Com Sur, complete surgery, CMT" chemotherapy, Deb sur debulking surgery, Horm hormonal therapy, Perit peritoneum. 
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Figure 2 Overall survival at 5 years and 9 years for all patients. 



The main immunohistochemical markers expressed by 
these cells are vimentin, CD 99 and alpha inhibin. 

The serum tumor markers are estradiol, inhibin, and 
anti-MuUerian hormone. Cancer antigen 125 (CA-125) 
is not correlated to the tumor progression [18]. 

Kalfa et al [19] identified a mutation F0XL2 (tran- 
scription factor gene) in the majority of granulosa cell 
tumors, particularly in adult form. This F0XL2 could be 
the next target for use in treatment. 

Yoo et al [20] also identified mutations of genes Fas, 
FLIP and Bcl-2 related to alterations of apoptosis. 

The principal differential diagnoses of granulosa cell 
tumors are: endometrioid carcinoma, stromal sarcoma, 
carcinoid tumors and adenocarcinoma [21]. 

Various factors determine the prognosis. The most im- 
portant prognostic variable is the stage. 
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Figure 3 Overall survival by stage. 



The survival rates at 5 years and 10 years were reported 
by Malmstrom et al [2], 94% and 88%, respectively, for 
stage I, and decreasing to 44% for stage II and III. 

Wu et al [22] also reported their results about sur- 
vival for 100 patients with granulosa cell tumors; sur- 
vival rates at 5 years and 10 years were 98% and 96%, 
respectively, for stage I and were 70% and 60%, respect- 
ively, for stage II. The recurrence rate is also related to 
the stage [23]. 

The results of Ahyan s study of 80 patients with granulosa 
cell tumors, revealed recurrence rates of 5.4%, 21% and 
40% for stage I, stage II and stage III, respectively [24]. 

The prognostic value of stage was also noted in our 
study. 

An age younger than 40 years is associated with a bet- 
ter prognosis, but the opinions differ [4,9]. 

In Ahyan s trial, patients aged below 60 years had bet- 
ter mean time of survival (154.6 versus 89.2 months, 
P = 0.015) [24]. 

For most authors, larger tumor size is associated with 
a poor prognosis, particularly tumors that measured 
more than 10 cm [10,25]. 

Residual disease after surgery is also another prognosis 
factor. In Sehoulis trial [26], the survival was lower for 
patients with postoperative residual disease. 

The number of mitoses is also a recognized prognostic 
factor and there is an inverse relationship between sur- 
vival and the number of mitoses [8,17]. 

Many studies, including the Schumer trial [27], proved 
that tumor rupture is also a prognosis factor. 

Expressions of P53 mutations are common and may 
be associated with poor prognosis [28,29]. 

Ala Fossi et al [30] noted that survival of patients with 
no mutations of P53 was 10 times higher than for pa- 
tients with mutations. 

Concerning inhibin, its value may be correlated to the 
tumor mass, with an increased level of inhibin in serum 
preceding clinical relapse [31,32]. 

The mainstay of treatments are complete surgery (hys- 
terectomy, bilateral salpingoopherectomy) with staging 
for early stage and debulking surgery for advanced stage 
or recurrent disease [33]. 

There is no standard regimen concerning adjuvant treat- 
ment, but it is usually recommended for the adult form of 
granulosa cell tumors and for patients at high risk [2,23,27]. 

The most used chemotherapy regimen is a BVP (bleo- 
mycin, vinblastine, and cisplatin) or a BEP regimen, 
which substitutes etoposide for vinblastine [21]. 

The hormonal therapy based on megestrol and LHRH 
(luteinizing hormone-releasing hormone) agonists also 
lead to good responses, particularly for recurrent disease 
cases [34,35]. 

Rico et al [36] demonstrated an increase in Mtor 
(mammalian target of rapamycin) deregulation by using 
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a mouse model with granulosa cell tumors. So, targeting 
Mtor may be beneficial to women with granulosa cell tu- 
mors. More studies will be necessary. 

For results of survival, the overall survival (approxi- 
mately 90% at 5 years for early stage) is good, because 
most tumors are diagnosed early [16,22]. 

The evolution of adult granulosa cell tumors is slow and 
recurrences are rare and often delayed. These tumors can 
reoccur after a free interval of 6 to 23 years [10,21]. 

Conclusions 

Granulosa cell tumor of the ovary is an uncommon neo- 
plasm. An important prognosis factor is stage at initial 
diagnosis. Due to the rarity of this disease, several pro- 
spective studies must be reported to establish a consensus. 

Abbreviations 

BEP: Bleomycin etoposide cisplatin; BVP: Bleomycin vinblastin cisplatin; 
CA-125: Cancer antigen 125; LHRH: Luteinizing hormone-releasing hormone; 
MTOR; Mammalian target of rapamycin. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

SS drafted the manuscript. MK contributed to the follow-up of patients. BS 
contributed to the conception and design of the manuscript. FE and SB 
helped with the literature research. AT contributed to the acquisition and 
analyses of data. HE approved the treatment and analyzed the literature 
data. All authors read and approved the final manuscript. 

Author details 

^Department of Clinical Oncology, National Institute of Oncology, Rabat, 
Morocco. ^Department A of surgery, Ibn Sina hospital, Rabat, Morocco. 
^Epidemiology Unit, National Institute of Oncology, Rabat, Morocco. 

Received: 9 January 2013 Accepted: 2 June 2013 
Published: 18 June 2013 

References 

1. Rey RA, Lhomme C, Marcillac I, Lahlou N, Duvillard P, Josso N, Bidart JM: 
Antimullerian hormone as a serum marker of granulosa cell tumors of 
the ovary: comparative study with serum alpha-inhibin and estradiol. Am 
J Obstet Gynecol 1996, 174:958-965. 

2. Malmstrom H, Hogberg T, Risberg B, Simonsen E: Granulosa cell tumors of 
the ovary: prognostic factors and outcome. Gynecol Oncol 1994, 52:50-55. 

3. Young RH, Dickersin GR, Scully RE: Juvenile granulosa cell tumor of the 
ovary. A clinicopathological analysis of 125 cases. Am J Surg Pathol 1984, 
8:575-596. 

4. Pautier P, Lhomme C, Culine S, Duvillard P, Michel G, Bidart JM, Gerbaulet A, 
Droz JP: Adult granulosa-cell tumor of the ovary: a retrospective study of 
45 cases. Int J Gynecol Cancer 1997, 7:58-65. 

5. East N, Alobaid A, Goffin F, Ouallouche K, Gauthier P: Granulosa cell 
tumour: a recurrence 40 years after initial diagnosis. J Obstet Gynaecol 
Can 2005, 27:363-364. 

6. Sun HD, Lin H, Jao MS, Wang KL, Liou WS, Hung YC, Chiang YC, Lu CH, Lai 
HC, Yu MH: A long-term follow-up study of 176 cases with adult-type 
ovarian granulosa cell tumors. Gynecol Oncol 2012, 124:244-249. 

7. Gittleman AM, Price AP, Coren C, Akhtar M, Donovan V, Katz DS: Juvenile 
granulosa cell tumor. Clin Imaging 2003, 27:221-224. 

8. Fujimoto T, Sakuragi N, Okuyama K, Fujino T, Yamashita K, Yamashiro S, 
Shimizu M, Fujimoto S: Histopathological prognostic factors of adult 
granulosa cell tumors of the ovary. Acta Obstet Gynecol Scand 2001, 
80:1069-1074. 

9. Stenwig JT, Hazekamp JT, Beecham JB: Granulosa cell tumors of the ovary: 
clinicopathological study of 118 cases with long-term follow-up. Gynecol 
Onco/ 1979, 7:136-152. 



10. Bompas E, Freyer G, Vitrey D, Trillet-Lenoir V: Granulosa cell tumour: review 
of the literature. Bull Cancer 2000, 87:709-714. 

1 1 . Pankratz E, Boyes DA, White GW, Galliford BW, Fairey RN, Benedet JL: 
Granulosa cell tumors: clinical review of 61 cases. Obstet Gynecol 1978, 
52:718-723. 

12. Segal R, DePetrillo AD, Thomas G: Clinical review of adult granulosa cell 
tumors of the ovary. Gynecol Oncol 1 995, 56:338-344. 

13. Calaminus G, Wessalowski R, Harms GD, Obel U: Juvenile granulosa cell 
tumors of the ovary in children and adolescents: results from 33 
patients registered in a prospective cooperative study. Gynecol Oncol 
1997, 65:447-452. 

14. Lack EE, Perez-Atayde AR, Murthy AS, Goldstein DP, Crigler JF, Vawter GF: 
Granulosa theca cell tumors in premenarchal girls: a clinical and 
pathologic study of ten cases. Cancer 1981, 48:1846-1854. 

15. Cutwater EK, Wagner BJ, Mannion C, McLarney JK, Kim B: Sex cord-stromal 
and steroid cell tumors of the ovary. Radiographics 1998, 18:1523-1546. 

16. Stuart GC, Dawson LM: Update on granulosa cell tumours of the ovary. 
Curr Opin Obstet Gynecol 2003, 1 5:33-37. 

17. Bjorkholm E, Silfversward C: Prognostic factors in granulosa-cell tumors. 
Gynecol Oncol 1 981 , 1 1 :261 -274. 

18. Zhang M, Cheung MK, Shin JY, Kapp DS, Husain A, Teng NN, Berek JS, 
Osann K, Chan JK: Prognostic factors responsible for survival in sex cord 
stromal tumors of the ovary: an analysis of 376 women. Gynecol Oncol 
2007, 104:396-400. 

19. Kalfa N, Veitia RA, Benayoun BA, Boizet-Bonhoure B, Sultan C: The new 
molecular biology of granulosa cell tumors of the ovary. Genome Med 

2009, 1:81. 

20. Yoo NJ, Kim MS, Lee SH: Expression and mutation analyses of Fas, FLIP 
and Bcl-2 in granulosa cell tumor of ovary. Tumori 2012, 98:1 18e-121e. 

21 . Ellouze S, Krichen-Makni S, Trabeisi K, Ayadi L, Sellami A, Khabir A, Hammami S, 
Mnif H, Sellami-Boudawara T: Granulosa-cell tumor of the ovary: report of 16 
cases. J Gynecol Obstet Biol Reprod (Paris) 2006, 35:767-767. 

22. Wu L, Zhang W, Li L: Prognostic factors in granulosa cell tumor of the 
ovary. Zhonghua Fu Chan Ke Za Zhi 2000, 35:673-676. 

23. Uygun K, Aydiner A, Saip P, Basaran M, Tas F, Kocak Z, Dincer M, Topuz E: 
Granulosa cell tumor of the ovary: retrospective analysis of 45 cases. Am 
J Clin Oncol 2003, 26:517-521. 

24. Ayhan A, Salman MC, Velipasaoglu M, Sakinci M, Yuce K: Prognostic factors 
in adult granulosa cell tumors of the ovary: a retrospective analysis of 80 
cases. J Gynecol Oncol 2009, 20:1 58-1 63. 

25. Miller BE, Barron BA, Wan JY, Delmore JE, Silva EG, Gershenson DM: 
Prognostic factors in adult granulosa cell tumor of the ovary. Cancer 
1997, 79:1951-1955. 

26. Sehouli J, Drescher FS, Mustea A, Filing D, Friedmann W, Kuhn W, Nehmzow 
M, Opri F, Klare P, Dietel M, Lichtenegger W: Granulosa cell tumor of the 
ovary: 10 years follow-up data of 65 patients. Anticancer Res 2004, 
24:1223-1229. 

27. Schumer ST, Cannistra SA: Granulosa cell tumor of the ovary. J Clin Oncol 
2003,21:1180-1189. 

28. King LA, Okagaki T, Gallup DG, Twiggs LB, Messing MJ, Carson LF: Mitotic 
count, nuclear atypia, and immunohistochemical determination of ki-67, 
c-myc, p21-ras, c-erbb2, and p53 expression in granulosa cell tumors of 
the ovary: mitotic count and ki-67 are indicators of poor prognosis. 
Gynecol Oncol 1996, 61:227-232. 

29. Costa MJ, Walls J, Ames P, Roth LM: Transformation in recurrent ovarian 
granulosa cell tumors: Ki67-1 and p53 immunohistochemistry 
demonstrates a possible molecular basis for the poor histopathologic 
prediction of clinical behavior. Hum Pathol 1996, 27:274-281. 

30. Ala-Fossi SL, Maenpaa J, Aine R, Koivisto P, Koivisto AM, Punnonen R: 
Prognostic significance of p53 expression in ovarian granulosa cell 
tumors. Gynecol Oncol 1 997, 66:475-479. 

31 . Boggess JF, Soules MR, Goff BA, Greer BE, Cain JM, Tamimi HK: Serum 
inhibin and disease status in women with ovarian granulosa cell tumors. 
Gynecol Oncol 1 997, 64:64-69. 

32. Lappohn RE, Burger HG, Bouma J, Bangah M, Krans M, de Bruijn HW: 
Inhibin as a marker for granulosa-cell tumors. N Engl J Med 1989, 
321:790-793. 

33. Colombo N, Parma G, Zanagnolo V, Insinga A: Management of ovarian 
stromal cell tumors. J Clin Oncol 2007, 25(20):2944-51. 

34. Briasoulis E, Karavasilis V, Pavlidis N: Megestrol activity in recurrent adult 
type granulosa cell tumour of the ovary. Ann Oncol 1997, 8:81 1-812. 



Sekkate et al. World Journal of Surgical Oncology 201 3, 1 1 :1 42 
http://www.wjso.conn/content/1 1 /I /1 42 



Page 6 of 6 



35. Martikainen H, Penttinen J, Huhtaniemi I, Kauppila A: Gonadotropin- 
releasing hormone agonist analog therapy effective in ovarian granulosa 
cell malignancy. Gynecol Oncol 1989, 35:406-408. 

36. Rico C, Lague MN, Lefevre P, Tsoi M, Dodelet-Devillers A, Kumar V, Lapointe 
E, Paquet M, Nadeau ME, Boerboom D: Pharmacological targeting of 
mammalian target of rapamycin inhibits ovarian granulosa cell tumor 
growth. Carcinogenesis 2012, 33:2283-2292. 



doi:1 0.1 1 86/1 477-781 9-1 1 -1 42 

Cite this article as: Sekkate et al.: Ovarian granulosa cell tumors: a 
retrospective study of 27 cases and a review of the literature. World 
Journal of Surgical Oncology 201 3 1 1 :1 42. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^\ Ri^nHod rpntral 

www.biomedcentral.com/submit momea L.enTrai 



